Eighteen hundred eggs obtained from Ross broiler breeders at 32 and 48 wk age were randomly assigned to two incubation treatments: T1 eggs were incubated at 37.6℃ throughout, while for T2 eggs the incubation temperature was reduced 1℃ for 6 h daily at embryonic ages (EA) 10 to 18. Embryo and organ weights and body composition were measured at EA 14, 19 and day of hatch (DOH). Hatchability and hatching duration, as well as serum triiodothyronine (T 3 ), thyroxin (T 4 ), and triglycerides were measured at DOH. T1 eggs contained less water than T2 eggs at EA 18. Hatchability was lower and the incubation period was 4.2 h longer for T2 than T1 chicks. On DOH for older breeders chick weights and serum T 3 levels were higher for T2 than T1; however, those from younger breeders were similar at both incubation temperatures. These results may show a beneficial effect of T2 treatment in older breeders. Incubation temperature did not affect triglycerides levels. On DOH, higher body lipids content of T2 than T1 chicks may contribute to their resistance to cold post hatch.
Introduction
Enhanced growth rate of broilers is associated with susceptibility to extremes in environmental temperatures Gowe and Fairfull, 2008) . A negative correlation between potential and actual growth of broilers (Deep et al., 2002) suggests that individuals whose growth rate is more depressed under higher temperatures are also more likely to suffer at lower temperatures. Thus, post hatch thermotolerance has become increasingly important from an epigenetic aspect as well as in production of poultry. These effects are not independent of age of parent which is a factor in influencing thermoregulation and hence thermotolerance of chicks (Yalçın et al., 2005 (Yalçın et al., , 2008 .
Temperature manipulation during sensible phases of embryonic development may increase resistance of birds to either cold or high temperatures (Tzschentke et al., 2001; Nichelmann, 2004) . Changes in incubation temperatures during critical periods of development of the thermoregulatory system can result in long-lasting modifications to the cellular and molecular neuronal mechanisms of temperature regulation (Janke and Tzschentke, 2010) . Much of the research on the effects of incubation temperature on thermotolerance involves higher incubation temperatures. Daily cyclical higher incubation temperatures, depending on the length of exposure and the days of the temperature modification, appear to improve tolerance of chickens to higher ambient temperatures (Yahav et al., 2004; Yalçın et al., 2005 Yalçın et al., , 2008a Yahav, 2009) . With respect to cooler temperatures, Shinder et al. (2009) reduced incubation temperature to 15℃ for 30 or 60 min at EA 18 and 19 and observed an increase in body weight at hatch without affecting hatchability. In contrast, Willemsen et al. (2010 Willemsen et al. ( , 2011 reported that reducing incubation temperature by 3℃ at EA 16 to 18 did not influence either embryo growth or hatchability. It was also found that plasma T 3 which has an important role in the hatching process and thermoregulatory mechanisms (Decuypere et al., 1979; Debonne et al., 2008) was lowered at external pipping stage when eggs incubated at lower temperature (Willemsen et al., 2010) .
Previous studies suggested that higher cyclical incubation temperatures from EA 10 to 18 did not affect body composition of either embryos or chicks (Yalçın et al., 2008 b) . In contrast, temporary 36 h exposure to 22℃ on EA 3, however, delayed liver lipid uptake of embryos at EA 18 (Feast et al., 1998) . Similarly, plasma triglycerides which are the most abundant lipid present in birds (Stevens, 1996) were lowered at hatch by lower incubation temperature (Willemsen et al., 2010) .
The objective of our study was to evaluate the effect of daily cooler incubation temperatures from EA 10 to 18 on hatchability, body and organ weights, and body composition of embryos/chicks from younger and older breeders. Serum T 3 and T 4 and triglycerides levels of chicks were also evaluated.
Materials and Methods
The care and use of animals were in accordance with laws and regulations of the Turkey and approved by the Ethical Committee of the Ege University (License number 2009-17).
Eggs and Incubator Condition
Eggs (n＝1,800) were obtained from Ross broiler breeder flocks aged 32 (younger) and 48 (older) wk (900 eggs/ breeder age) from a commercial breeder company in Turkey.
Eggs were numbered individually, weighed (g), and within each breeder age randomly assigned to two incubation temperature treatments. Temperature 1 (T1): Eggs were incubated at constant 37.6℃. Temperature 2 (T2): Eggs were were exposed to 1℃ lower (36.6℃) incubation temperature for 6 h (from 10:00 to 16:00 h) each day from EA 10 to 18. Humidity was set 58 % for both temperature groups. There were 6 replicate egg trays for each breeder age/incubation temperature with 75 eggs in each.
Traits Measured
To measure egg weight loss, 20 individual eggs from each replicate egg tray were weighed (g) at EA 18. At EA 14 and 19 (internal piping stage), 10 eggs from breeder age/incubation temperature group were removed, embryos were killed by cervical dislocation, and weighed (g) without embryonic yolk sac. Weights (g) of yolk sac, liver, heart, breast muscle, and brain were obtained and expressed relative to embryo weight.
Every 2 h from 476 to 504 h of incubation counts of chicks hatched were recorded to obtain the hatching time for each egg. Hatched chicks were allowed 3 h to dry and then weighed (g) individually. Immediately, ten chicks from each breeder age and incubation temperature were randomly selected and blood samples were collected. Serum was obtained after centrifugation at 4℃ and 2750 rpm for 10 minutes and stored at −20℃ for subsequent measurements of T 3 , T 4 , and triglycerides. Free T 3 and T 4 values were obtained using IMMULITE 2000 automated chemiluminescent assays (Siemens Healthcare Diagnostics GmbH, Eschborn, Germany). Triglycerides analysis was performed using Abbott Diagnostic Architech/800 analyzer. The same procedure described previously was followed to measure the organ weights of those chicks on day of hatch (DOH). Hatchability was defined as the percentage of number of chicks per eggs set.
Embryos and chicks were stored at −20℃ prior to analyses for water, protein, lipid, and ash content. Dry matter content was determined by oven drying at 110℃ overnight. The Kjeldahl procedure was used to obtain N content and protein content was calculated as 6.25 times nitrogen content. Embryo and chick lipid contents were determined by AOAC (1990) . Samples were ashed at 550℃ overnight to obtain ash content. Protein, lipid, and ash content were expressed as percentage of total dry matter. Water content was percentage of embryo/chick weight.
Statistical Analyses
Preliminary analyses showed that embryonic age was a significant for all traits measured. Therefore, data were analyzed separately for each embryonic age by ANOVA as 2 ×2 factorial arrangement of treatments for breeder age and incubation temperature and the interaction between them using JMP (version 5.1, SAS Institute, 2003) . When the interaction was significant, ANOVA comparisons were performed by Tukey's comparisons test. Hatchability was analyzed by Chi-Square.
Results
Prior to incubation and at EA 18, eggs from older breeders were heavier than those for younger breeders (Table 1) . Although incubation temperature did not affect egg weight at EA 18, T2 eggs lost less water than T1s.
Breeder age had no effect on incubation duration, while T2 eggs hatched later than those from T1. Hatchability was lower for older than younger breeders (χ 2 ＝6.00, P＝0.020) and for T2 than T1 (χ 2 ＝8.51, P＝0.010) ( Table 1) . Yolk sac weights were consistently heavier for older than younger breeders (Table 2) . Although heavier yolk sacs were observed for T2 embryos at EA 14, they were lighter than for T1s at EA 19 and DOH.
There was a significant effect of breeder age (younger ＜ older) on embryo weight at EA 19 and DOH but not EA 14 (Table 2 ). Embryo weights were lower for T2 than T1 on EA 14. On DOH, the breeder age by incubation temperature interaction (P＝0. 054) was due to the weight differences between breeder ages being greater for T2 than T1 chicks ( Figure 1 ). This was the case not only for sampled chicks but also for weights of all hatched chicks. Weight of chicks at DOH from younger breeders was 41.63 and 41.46 g for T1 and T2, respectively, while for older breeders it was 47.18 and 48. 95 g, respectively. This relationship resulted in a significant interaction between breeder age and incubation temperature. This was also the case for yolk free body weights of sampled chicks which were 38.58 and 37.27 g for chicks from younger breeders from T1 and T2 and 39.90 and 42. 86 g for chicks from older breeders from T1 and T2, respectively.
T2 increased relative heart weights of embryos (Table 2) . A significant breeder age by incubation temperature interaction was because T2 embryos and chicks from older breeders had heavier hearts than T1s at EA 14 and DOH (Figure 1 ). Although neither breeder age nor incubation temperature affected liver weight; liver weights were heavier for T2 than T1s at EA 14 (P＝0.070). There was a significant breeder age by incubation interaction for brain weight at EA 14 because brains of embryos from older breeders were heavier when incubated at T2 (3.188 vs. 3.858 % for T1 and T2) while those from younger breeders were similar at both incubation temperatures (3.348 vs. 3.450 % for T1 and T2). Breeder age and incubation temperatures did not differ for breast muscle weight. The interaction (P＝0.013) between breeder age and incubation temperature for serum free T 3 was because T 3 levels of embryos from younger breeders were 16. 58 and 12. 97 pg/ml for T1 and T2, respectively, whereas they were 12.95 and 16.07 pg/ml for T1 and T2 for embryos from older breeders (Figure 2 ). T2 lowered (P＝0.053) serum T 4 levels; i.e. 1.71 vs. 1.43 ng/ml for T1 and T2 chicks. Serum triglycerides were not influenced by breeder age or incubation temperature which ranged from 101 to 133 mg/dl (data not shown in tables).
Body water content decreased from EA 14 to DOH ( Tables) . On DOH, although T2 had lower body protein than T1, they exhibited increased lipid content for all embryos (Table 3) . Ash content was not influenced by breeder age or incubation temperature at EA 19. At EA 14 and DOH, T1 chicks from younger breeders had a lower ash levels than T2 chicks (11.61 vs. 15.11 % and 8.96 vs. 10 .01 % for T1 and T2 at EA 14 and DOH, respectively) while ash content was similar for chicks from older breeders at both incubation temperatures.
Discussion
During incubation there are periods critical to the development of thermoregulatory control systems (Janke and Tzschentke, 2010) . In the present experiment, eggs obtained from younger and older breeders were used to measure effects of daily cooler incubation temperatures on hatchability, embryo and organ weights, and body nutrient composition of embryos at EA 14, 19 and DOH, and serum T 3 , T 4, triglycerides on DOH.
The incubation period was extended from 1.1 to 3.1 days when eggs were incubated at temperatures of 36 and 35℃, respectively (Mortolo, 2006; Black and Burggren, 2004) . Willemsen et al. (2010) reported a delay of 9 to 12 h when the incubation temperature was reduced 3℃ from EA 16 to 18.5. Although the delay of 4.2 h in the our study was less than that of those previous studies, the difference may be because we only reduced the temperature by 1℃ and it was Journal of Poultry Science, 49 (2) 136 Fig. 1 . Breeder age by incubation temperature interaction for weights (g) of chicks on DOH (Panel A) and relative heart weights (%) of embryos on EA 14, 19 and DOH (Panel B). T1: Eggs were incubated at constant 37.6 ℃. T2: Eggs were exposed to 1℃ lower (36.6℃) incubation temperature for 6 h (from 10:00 to 16:00 h) each day from EA 10 to 18. a,b,c Means for the same embryonic day with no common superscript differ significantly (P＜0.05). Fig. 2 . Breeder age by incubation temperature interactions for blood free T 3 levels of chicks on DOH. T1: Eggs were incubated at constant 37.6℃. T2: Eggs were exposed to 1℃ lower (36.6℃) incubation temperature for 6 h (from 10:00 to 16:00 h) each day from EA 10 to 18 a,b Means with no common superscript differ significantly (P＜0.05).
cyclical rather than constant. The increase in incubation period could be associated with the hypometabolism for the T2 embryos (Mortolo, 2006; Willemsen et al., 2010) . This result is supported by the higher body water content of T2 embryos on EA 14 which would indicate less dry matter accumulation in the embryo. Thus, the lower embryonic weights at EA 14 may be related to lower metabolic rate, which indicates retarded growth. This result may mainly due to available energy directed into maintaining existing tissue instead of growth (Feast et al., 1998) . Regardless of the degree of egg weight loss for T2 on d 18 of incubation, lower body water content of embryos on d 19 indicated increased growth after daily cyclical modification.
Plasma T 3 concentration increases in response to cold incubation (Decuypere, 1984) . Willemsen et al. (2010) reported that while cold incubated chicks had increased plasma T 3 and T 4 , there was no effect on body weights at DOH. In contrast, intermittent cold exposure of 15℃ at EA 18 and 19 (Shinder et al., 2009 ) and constant cold exposure of 36.6℃ from EA 1 to 10 increased chick weight (Joseph et al., 2006) . We observed that lower serum free T 3 of T2 chicks from younger breeders was not associated with their body weight which was similar to that of T1, yet T2 chicks from older breeders were heavier and had numerically higher T 3 indicating an association between breeder age and response of those embryos to cooler incubation temperatures. It can be concluded that after cyclical cooler temperature, from EA 19 to DOH, growth of embryos from older breeders increased thereby benefiting from incubation temperatures, and allowing a sort of catch-up growth. This observation is also consistent with increased yolk sac absorption of the T2 chicks.
The effect of daily cyclical lower incubation temperatures on hatchability was not in agreement with previous studies (Yalçın and Siegel, 2003; Shinder et al., 2009) . The observed enlarged hearts for T2 embryos was consistent with reports of Givisiez et al. (2001) and Yalçın and Siegel (2003) . Whether this has a role in subsequent susceptibility of broilers to ascites requires future studies. Here, lower body lipid content was observed only for T2 embryos from younger breeders at EA 14 suggesting that breeder age influences the response of embryos to cooler incubation temperatures. On DOH, higher body lipid content of T2 chicks could explain their resistance to cooler temperatures because lipids have an important role in avian temperature acclimation (Bedu et al., 2002) . On the other hand, at DOH slightly higher protein but lower lipid contents of chicks from younger than older breeders were consistent with previous reports (Peebles et al., 2001 and Yalçın et al., 2008 b) . Lower uptake of yolk fat by embryos from younger than older breeders was probably due to lower initial fat content (Yadgari et al.,2010) , however it was not observed in the present study.
Incubation temperatures are crucial for bone development during both early (Yalçın et al., 2007) and late (OviedoRondon et al., 2008) stages of embryonic development. The higher ash content observed for T2 chicks from younger breeders may reflect better bone development (Johnston and Comar, 1955) .
In conclusion, our results show that a 1℃ lower cyclic incubation temperature treatment from EA 10 to 18 which reduced embryonic growth was associated with lower egg shell temperatures, less egg weight loss, higher body water content on EA 14 and a delay in incubation period. However, after ending temperature modification at EA 18, em- bryos compensated growth retardation by benefiting from "normal" incubation temperatures. Chick and heart weights interacted with breeder age providing further evidence that breeder age is a major factor determining sensitivity to environmental temperatures (Yalçın et al., 2005 (Yalçın et al., , 2008a (Yalçın et al., , 2008c . Moreover, higher body lipid contents may play a specific role in cold acclimated avian muscle nonshivering thermogenesis both as activators and as energetic substrates (Bedu et al., 2002) . As such they may contribute to resistance to cold stress during the growing period.
